We conclude that if such good results (also confirmed on a standard form of front fed 1.0m diameter dish at 31.1 GHz with substantial tripod feed supports) can be obtained with the environmental conditions which pertained and with the limitations of the amplitude recording channel (drift in the SA1833 ratiometer), then near-field phase retrieval metrology will provide the comprehensive measurement strategy for the millimetre/submillimetre wavelength range without the heavy costs of phase and amplitude instrumentation. It is experimentally demonstrated that the inherent mstability in short pulse, fibre loop, soliton lasers is associated with a resonant exchange of energy which takes place when the overall fibre loop size is comparable to that of the associated soliton period. The instability is characterised by the appearance of spectral sidebands, which can extend to several orders. In the time domain the instability can lead to multipulse outputs and chaotic or quasiperiodic behaviour.
Over the past two years considerable interest has been . Femtosecond pulses can be readily generated by these laser systems; however when operating in this regime the pulse repetition rate is not constant and bunches of pulses evolve, albeit at a reproducible period, that of the round trip of the fibre laser. Such quasiperiodic behaviour is dependent on the pump power and the phase biasing of the nonlinear loop, and several other factors. This bunching and instability, which have also been observed in linear laser systems 181 have been erroneously attributed to soliton interactions. An additional characteristic of the output of erbium solition laser systems in the ultrashort pulse regime is the appearance of spectral sidehands [4, 5, 81, which have also been erroneously attributed to modulational instability [4].
In the modelling of erbium soliton lasers, an average soliton approach is used [9], where pulse stability is achieved in the nonlinear Schrodinger equation description of the system when the associated period of the generated 'soliton' is long compared to the period of the amplifier or in fact any spatial periodicity within the loop. It is the deviations from this condition which give rise to instabilities and the evolution of the characteristic sideband spectra, which we briefly describe in this Letter.
A conventional 'figure of eight' fibre laser geometry was used, with operation as previously reported. The active loop incorporated 5.6m of erbium doped fibre. Pumping was achieved via a 980nm/l,5pm WDM, which exhibited a leakage of 1% at 1.55pm and permitted monitoring of the laser performance. A titanium sapphire laser provided the pump radiation at 980nm and at maximum, 250mW of average pump power was launched into the fibre laser. Also incorporated into the active loop was a length of dispersion shifted, singlemode fibre with 1, = 1.55 pm. Various lengths of ELECTRONICS LETTERS 27th February 1992 Vol. 28 No. 5 this fibre L were used throughout the investigations described here. Initially 94m was used and the overall round trip time of the original laser system was 575 ns. Typically output powers were in the range of 1-2mW, coupled via a WDM in the passive loop exhibiting a 10% leakage at 1.5ym. The output pulsewidths were determined using a standard scanning autocorrelator.
In the theoretical description of these laser systems,; the Inset: autocorrelation of 800fs pulses generated Fig. 1 shows the typical spectrum of output from the laser system incorporating a 94m length of the dispersion shifted fibre. The autocorrelation, shown as an inset in Fig. 1 , inferred a pulse duration of 8OOfs. Observation of the pulse train on a long time scale showed it to consist of a random collection of distinct pulses, periodic at the cavity round trip time, as has been reported by others [4, 5, 81. For a central wavelength of 1559.8 nm, the sideband generation took place at 1562.6 and 1556.01" Secondary sidebands were observed at 1565.1 and 15534nm, indicating a ratio of 1.9: 1 and 1.6 : 1 between the spectral separation of the sidebands, in relatively poor agreement with the predicted 1.4 : 1 ratio. On decreasing the length of the dispersion shifted fibre in the active loop to 60m, the characteristic sideband separation increased. From a very simplistic argument, related to the scaling of the soliton period to the loop size, this is as expected. From Fig. 2 , the first sidebands were generated at 1554.3 and 1564,611111. The ratio of the sideband separation for 60 to 94m of inserted fibre was approximately 1.6 : 1. The approximate loop size of the initial laser was 105111; decreasing this by 40m would give an expected increase in the side-* KELLY, s. M. I.: 'Characteristic sideband instability or the periodically amplified average soliton', submitted to Electron. Lett.
band separation by a factor of 1.3. However, it should be noted that in our experimental arrangement apart from the inserted dispersion shifted fibre, the remaining fibre was primarily standard with a dispersion minimum around 1.3ym.
Decreasing the length of incorporated dispersion shifted fibre therefore leads to an effective increase in the average dispersion, effectively decreasing the soliton period, permitting further pulse shortening and increasing the sideband separation. This dispersion variation (approximately 30%) brings into closer agreement the predicted and experimental ratio.
When ultrashort pulses are propagated over substantial lengths of optical fibre then significant self-laman pumping (or the soliton self-frequency shift) can take place. This process can lead to measurable asymmetry in the generated spectra. Fig. 3 shows the spectrum associated with a 450fs pulse.
There is a clear enhancement of the Stokes sideband modulations, up to the seventh order, most probably due to the Raman amplification provided by the initial soliton. The well resolved high order sidebands allow verification of the scaling of the increased wavelength separation, from band centre, of the various orders with order number. This is displayed as the inset of Fig. 3 , where the linear dependence of A1 (the wavelength separation) with N112 is shown, as theoretically predicted.* In summary, we have experimentally verified a proposed mechanism for the observed spectral sidebands, which can lead to additional pulse formation and temporal instabilities, in optical fibre loop laser systems. The experimental observations are in good agreement with theoretical prediction.; This instability arises when the periodicity of the loop system is of the order of the characteristic soliton period and is in the regime where the average soliton model cannot satisfactorily describe the system. Such instabilities are also present in dispersion compensated fibre lasers which exhibit soliton like pulse shaping [lo] and in potential communication configurations [ 113. Because the scaling relationship is applicable to communication sized systems, some care may be needed in the choice of suitable wavelengths for a multichannel soliton based system, to ensure that resonant exchange would not be enhanced through the siting of channels at sideband wavelengths. In fibre loop laser systems, it should be possible through the judicious choice of fibre parameters to reliably generate loOfs pulses directly from the laser, however, full consideration will have to be given to all periodicities in the system and the possibility of other nonlinearities. 
FAST SEARCH ALGORITHM FOR VECTOR QUANTISATION
H.-S. W U
Indexing terms: Algorithms, Signal processing
A tree structure for the fast nearest neighbour search algonthm for vector quantisation is presented. Using the new algorithm a remarkable reduction in the number of multiplications, additions and comparisons IS achieved.
Introduction: Vector quantisation has received considerable interest as being a very effective approach in low bit rate source coding due to its inherent theoretical superiority over scalar quantisation [l, 23. However, the complexity of the vector quantiser (VQ) leads to difficulty in its application. The computational complexity increases exponentially with the rate of the quantiser. To alleviate this problem, several algorithms have been described, e.g. References 3-7. These algorithms usually use the projected distance to reject parts of the codewords from consideration without calculating their distortion from the input vector, and then search the remaining codewords to find the nearest neighbour codeword. In this Letter, a new algorithm which finds the nearest codeword using a tree structure for vector quantisation is introduced. Fig. 1 . The rate is 3 bits per vector. In Fig. 2 is a tree structure which is constructed using the new procedure stated in preceding Section. The digits in Fig. 2 are the code indices. The substructure or the basis element of the structure is shown in Fig.  3 .
The substructure is computed by using eqn. 2 and compares the obtained value with 0. It requires k multiplications, k -1 additions and one comparison to complete one substructure.
Simulation results: To measure the complexity of the proposed fast procedure, we apply the new algorithm to a discrete Gauss-Markov source having a correlation of p = 0.9. Table   1 shows the number of multiplications, additions and comparisons per vector for the two-dimensional vector quantiser for the rate of 1-6 bit/vector. The required operations of both the new algorithm and the full search method are shown. The ELECTRONICS LE77ERS 27th February 1992 Vo/. 28 No. 5
